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INTRODUCTION 

This handbook furnishes information and instructions for instal lation, 

operation, and maintenance of S-Band Test Antennas (refer to frontis- 

piece) supplied to Jet Propulsion Laboratory, Pasadena, California, 

under Contract No ,  950268. 
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SECTION I 

GENERAL DESCRl PTI ON 

1 . 1  PURPOSE OF EQUIPMENT 

The H a n d  Test Antenna provides the capability to make patterns, gain 
and el I ipticity measurements on the Deep Space Instrumentation Facility (DSIF) onten- 
nas and provides a means of testing the closed loop characteristics of a complete S- 
Band tracking system within the frequency ranges 21 13 *10 mc and 2295 *lo mc i n  
accordance with JPL Specification No. 8005. 

1.2 EQ U I PM E N T S UPPL I ED 

The S-Band Test Antenna system constst of: 

a) Eight foot parabolic reflector assembly (1, Figure 1). 

b) 

c) 

Circular aperture feed system (2, Figure 1). 

Control Panel (3, Figure 1). 

1.3 DESCRIPTION 

The reflector assembly consists of a reflector measuring eight foot in 
diameter with an f/d ratio (focal length to diameter) of 0.375, a mounting structure 
which provides a plus and minus five degrees adjustment in both azimuth and eleva- 
tion, an optical boresight telescope with protective housing, and a spare and horn 
ring structure and feed support. 

The feed system consists of a dipole and coaxial rotary joint with a 
7/8 inch coax output, an iris section which acts as a polarization transducer, a 
drive motor for changing and orienting polarizations, two synchro-transformers (one 
(1) - 1 to 1 gear ratio and one (1) - 36 to 1 ratio), and logic switches for control 
and read-out of polarization changes. The feed system also includes a weather- 
proof housing and radome. 

1-1 



1 - PARABOLIC REFLECTOR 

2 - FEED UNIT 

3 - CONTROL PANEL 

Figure 1 S- Band Test Antenna 
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The control panel consists of a 19 inches x 10.5 inches panel with 
operating controls and a dial indicator for polarization orientation read-out, a power : 
supply, motor speed control, and 150 feet of connecting control cable. 

1.4 SYSTEM PERFORMANCE CHARACTERISTICS 

The S-Band antenna has the following performance characteristics: 

- 21 13 &lo mc and 2295 *IO mc. Frequency 

VSWR - Less than 1.2 to 1 over the specified 
frequency bands. 

Polarization - Rotatable linear and both right and left 
circu lor. 

Ellipticity - No greater than 1 db over the specified 
frequency bands for right or left circular 
polarization. 

Gain - 31 db or greater over the specified fre- 
quency bands, relative to an isotropic 
radiator, 

Gain Variation - Less than a. 1 db as a function of feed 
rotation at either of the specified fre- 
qu en c i es. 

Cross Polarization - Cross-polarized component w i l l  be at 
least 20 db down within one degree of 
the peak of the main beam. 

Side Lobe Level - 20 db down for any polarization over 
the specified frequency bands. 

Beamwidth - Less than 4.5 degrees at the half power 
points. 

Power Capacity - 100 watts CW power for any polarization 
and any frequency within the specified 
bands. 

1-3 



SECTION II 

THEORY OF OPERATION 

2.1 R-F OPERATION 

R-F energy i s  fed into the 7/8-inch coaxial input and i s  converted 
into TE11 mode inside the circular waveguide by means of the dipole transition. The 
linear TE11 mode i s  then fed into the polarization transducer to produce either rota- 
table linear, right circular, or left circular polarization. 

To obtain linear polarization, the dipole input i s  aligned parallel to 
the irises of the polarization transducer as indicated i n  Figure 2. By locking the 
dipole input hi this position relative t o  the irises and rotating the entire feed,the 
linear polarization may be rotated continuously. 

For circular polarization, the irises are set at 45 degrees to the dipole 
(Figure 2). This allows the incident vector to be converted into two equal magnitude, 
orthogonal vectors, one of which i s  advanced in time while the other i s  delayed. The 
total time phase difference between these two vectors i s  made 90 degrees by the geo- 
metry of the polarization transducer over the frequency range 2103 mc to 2305 mc. 

' 

Hence, the radiated energy i s  circularly polarized. 

Either right circular or left circular polarization (Figure 2) may be 
obtained depending on the orientation of the irises with respect to the dipole. 

2.2.1 Antenna Feed (Figure 3) 

2.2.1.1 Rotatina Linear Polarization 

To achieve rotating linear polarization, the entire waveguide section 
of the antenna feed i s  revolved about the reflector mechanical axis. The speed and 
direction of rotation i s  determined by a Variac-controlled dc power supply on the c 
control panel. This power supply feeds a reversible dc motor which drives the wave- 
guide section through a gear train, Coarse and fine synchros are also geared to the 
waveguide and drive position readouts on the control panel. 

In the linear mode, the polarization transducer ( i r i s  section) and the 
They are coupled by means of a dipole section of the waveguide rotate as a unit. 

pair of mechanical bal I detents. 

2- 1 



CHOKE 
SECTION 

H OR I ZO N TAL VERTICAL 

NOTE: VIEWED FROM RADOME 
END OF FEED 

DETAIL A 

IRISES 

LEFT CIRCULAR ( SECONDARY) RIGHT CIRCULAR (SECONDARY) 

NOTE: VIEWED FROM RADOME 
END OF FEED 

DETAIL B 

Figure 2 Linear and Circular Polarization 
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2.2.1.2 Ci  rcu I ar Po I ar iza t i on 

As explained in  paragraph 2.1 and shown i n  Figure 2, circular polar- 
ization i s  achieved by rotating the dipole 45-degrees with respect to the iris section. 
Left circular i s  achieved by orienting the dipole i n  one 45-degree plane, right cir- 
cular i n  the other. The mechanisms required to accomplish this rotation remotely are: 

a) Electromagnetic Brake 

b) Detent Device 

c) Limit Switch System 

d) Slip Ring Assembly 

e) Remote Display 

The brake i s  geared to the iris section and "free-wheels" during rotation 
i n  the linear mode. When changing polarization, a voltage i s  applied to the brake 
which locks the iris section to the housing. This condition i s  sustained unti l the de- 
sired position i s  reached, at which time the brake i s  released. 

The detent device holds the iris section and the dipole section in the 
proper 0ri:entation for al l  modes of operation, A pair of detent s l i t s  are provided for 
left circular, right circular, or linear polarization. To change from one polarization 
position to another, the motor drives the dipole section i n  normal manner except thclt 
the brake prevents the iris section from turning. The braking action cams the detent 
ball out of the slot. The ball rolls along the perimeter of the waveguide and then 
drops into the next slot. When the slot corresponds to the polarization position 
desired, the motor and the brake are de-energized and a l l  motion stops. When the 
detent slot i s  incorrect, the ball rolls through the slot and continues on to the correct 
slot for the desired polarization. 

The l i m i t  switches are cam operated and are synchronized with the 
detent mechanism. 
position i s  reached. 
control panel which verifies that the desired position has been reached. 

They are used to turn the motor and brake off when the desired 
In addition, they are used to operate indicator lights on the 

A slip ring assembly i s  required to provide continuity because the 
l imit switches are mounted on a rotating element e The assembly is mounted on the 
dipole section. 

i4 



The polarization display on the control panel consists of three neon 
lamps, one for each position. Below each lamp i s  a pushbutton corresponding to 
that position. The lamps are actuated by the l i m i t  switches mentioned above, 

Since the synchros are geared to the dipole section, the readout w i l l  
indicate rotation when the polarization mode i s  changed. This rotation has no signif.;= 
ance inthePOLARIZATION mode, but the readout wi l l  always indicate the linear 
polarization angle i n  the ROTATION mode. The rotation indicated on the readout 
wi l l  not always be 45 degrees, because the motor drives in only one direction when 
changing modes. Thus, to change from one mode to  another i t  i s  sometimes necessary 
to rotate to 45, 90, or 135 degrees. 

2 .2 .2  Antenna Mount (Figure 4) 

The antenna mount must be fastened to a surface that i s  normal to the 
line of sight within plus or minus five degrees. Azimuth and elevation handcrank 
adjustments are provided for boresighting within the five degree range. In addition, 
dials are provided on both axes to insure repeatability i n  pointing the reflector. 
Each scale division on the dials represents one degree. 

A boresight telescope i s  also provided for collimating the antenna. 
The optical axis of the telescope has been oriented parallel to the electrical exis 
of the antenna, and i s  locked in  that position. The telescope i s  mounted in  a 
weatherproof tube which has transparent windows i n  each end. Once the telescope 
has been focused to the viewer's satisfaction, i t  should not be necessary to remove 
the end cover, except for maintenance. The recommended eye position for viewing 
i s  approximately one inch from the yindow i n  the end cover. 
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SECTION 111 

INSTALLATION 

3.1 ANTENNA SUBSYSTEM INSTALLATION (Figure 5) 

The antenna subsystem has been completely assembled and adjusted 
prior to shipment and i s  ready for immediate installation. The subsystem mounts 
to i t s  interface by means of eight 5/8-11NC2 bolts of suitable length. Eight 
equally spaced mounting holes are provided around the square frame a t  the rear 
of the structure, 

CAUTION 

Care should be taken during installation 
that the RG253/u, one-half inch coax cable 
i s  not flexed in a bend radius less than five 
inches, particularly at  the point where i t  
enters the spar. 

3.1.1 Boresighting (Figures 6 and 7) 

The boresight telescope has been aligned with the reflector electrical 
axis a t  assembly and i s  locked in place. To collimate the test antenna with the 
antenna under measurement, the telescope crosshairs must be aligned with the center 
of the 85-foot reflector. The correction for parallax i s  21 inches to the viewer's left. 

To adiust the test antenna, first loosen the iam nuts (3 and 5, Figure 6) 
on the handcrank lead screws. Then the reflector can be positioned by turning the 
handcranks (2 and 4, Figure 6 ) .  To reset the antenna at  a previously determined 
position, refer to the indicator dials on the azimuth (1, Figure 7) and elevation (2, 
Figure 7) axes. Each scale division on these dials represents one degree of angular 
change. Once antenna i s  i n  the desired position, the iam nuts on the handcrank 
leadscrews must be tightened. The iam nuts eliminate the backlash in the handcrank 
leadscrew threads, 

3.2 ANTENNA FEED INSTALLATION 

The antenna feed i s  installed, aligned, and focused prior to shipment, 
and should be left in the test antenna during installation. If necessary to remove 
or replace the feed, perform the following steps as outlined i n  paragraphs 3.2.2, 
3.2.3 and 3.2.4. 

18 
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1 - BORESIGHT TELESCOPE HOUSING 

2 - AZIMUTH HANDCRANK 

3 - JAM NUT 

4 - ELEVATION HANDCRANK 

5 - JAM NUT 

58235 

Figure 6 S- Band Test Antenna, Bottom Rear Oblique View 
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1 - ELEVATION INDICATOR DIAL 

2 - AZIMUTH INDICATOR DIAL 

Figure 7. S-Band Test Antenna, Azimuth and Elevation Indicators, Partial Left 

31 Top View 
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3.2.2 Cable Disconnect 

Disconnect the control cable connector at the rear of the feed, Attach 
the protection caps to the free end of the cable and the feed connector. 

It i s  recommended that the RF cable be disconnected from the 7/8-inch 
EIA, 90-degree elbow at the feed, 

CAUTION 

Special care should be taken i n  disconnecting the RF cable 
to avoid further bending of the cable at  the point where i t  
enters the spar. The recommended procedure i s  to rotate the 
cable unti l adequate clearance for removal of the feed i s  
obtained. 

NOTE 

Should the EIA elbow be disconnected a t  the feed, the center 
conductor of the rotary joint w i l l  come out with the elbow. 
During the changeover exercise care that the center connector 
i s  not lost and protect the free end of the RF cable and feed 
flange from environment and foreign matter. 

3 .2 .3  Feed Removal 

The feed i s  held in place by four 3/8 hex nuts which are located on 
the reflector side of the horn ring. When the nuts are removed, the feed i s  free 
to  slip out of the horn ring, away from the reflector. 

CAUTION 

Care must be taken not to scrape the radome against the 
horn ring during this operation as protective finish may be 
damaged. This could result i n  harmful deterioration due 
to moisture penetration. 

3.2 .4  Reassern bl 

Replacing the feed i s  essentially the reverse procedure to that as 
described in  paragraphs 3.2.2 and 3.2.3. Alignment or focusing i s  not necessary, 
as the horn ring orients the feed as it i s  bolted down. 

3-5 



I '  
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
8 
I 
8 
8 
I 
I 

Note 

Original alignment was accomplished by adjusting 
the horn ring with respect to the reflector, after 
which the horn ring was pinned in  place. These 
pins must not be removed, as they are required for 
rotational stability. 

3.3 CONTROL PANEL 

The control panel has been checked out with the feed unit at RADIATION 
INCORPORATED. Inspect the unit carefully for signs of physical damage. I f  unit ap- 
pears satisfactory, connect the control cable between the "MS" jack (located at the 
rear of the control panel) and the Pyle-National jack (Located at the rear of the anten- 
na). Place al l  power switches on the control panel i n  the OFF position. Connect the 
power cable to a 115 volt, 60 cycle, single phase power source. The control panel i s  
ready for operation as instructed i n  Section IV, Operating Instructions. 

If control panels are interchanged between units, the indicator synchros 
must be realigned for accurate readout. The synchros have been aligned at RADIATION 
INCORPORATED with the matched reflector and feed assembly for correct readout. 
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SECTION IV 

OPERATING INSTRUCTIONS 

GENERAL 

This section provides instructions necessary to  operate the S-Band Test 
Antenna. The antenna must not be operated unless the feed unit, control panel, 
and interconnecting control cable have been installed as directed i n  Section 1 1 1 ,  
Installation. Refer at the first occurrence of a malfunction, during the operating 
procedure, to the instructions given i n  Section V, Maintenance, 

Figure 8 i s  provided to illustrate the location of al l  controls and 
indicators used during normal operation of the equipment. 
trols and indicators, presents a brief functional description on each, and provides 
adequate circuit and figure reference. 

Table 1 l i s t s  the con- 

4.2 OPERATING PROCEDURE 

Perform the following procedure step-by-step, in  the order presented, 
without omission unti I conclusion. 

1 .  Make sure a l l  POWER (14,16, and 18 Figure 8) switches are 
OFF. 

2. Connect control panel power cable to a 115 volts, 60 cps, 
single phase source (three prong receptacle). 

3.  Set AC POWER (14) switch 5 4  to ON and observe pilot lamp (15) 
DS5 above switch lights. 

4. Set TRANSFER (3) switch S1 to ROTATION and obseAve that 
POLARIZATION POSITION (1) dial M1 indicates 0 
linear polarization) and ROTATION indicator lamp (2) DSI 
lights. 

(vertical 
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1 - POLARIZATION POSITION INDICATOR M1 

2 - ROTATION LAMP DS1 

3 - TRANSFER SWITCH S 1  

4 - POLARIZATION LAMP DS2 

5 - ROTATION SPEED CONTROL T1 

6 - POLARIZATION M0DvR.C. LAMP DS8 

7 - POLARIZATION MODE/R. C. SWITCH S5C 

8 - POLARIZATION MODE/LIN. LAMP DS7 

9 - POLARIZATION MODE/LIN. SWITCH S5B 

10 - POLARIZATION M0DvL.C.  SWITCH S5A 

11 - POLARIZATION M0DvL.C. LAMP DS6 

12 - 5 AMP BLOWN FUSE INDICATOR F2 

13 - 5 AMP BLOWN FUSE INDICATOR F1 

14 - AC POWER SWITCH S4 

15 - AC POWER LAMP DS5 

16 - POLARIZATION SWITCH 53 

17 - POLARIZATION POWER LAMP DS4 

18 - ROTATION SWITCH S2 

19 - ROTATION POWER LAMP DS3 

Figure 8 Control Panel, Front View 
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Circuit 
Reference 
Designator 

DS 1 

DS2 

DS3 

DS4 

DS5 

DS6 

DS7 

DS8 

F1 8, F2 

TABLE I 
Location and Function of Controls and Indicators 

Name 

ROTATl ON i ndi cator 
lamp- 

POLARIZATION indi- 
cator lamp 

ROTATION Power 
indicator lamp 

POLARIZATION POW- 
er indicator lamp 

AC POWER indicator 
lamp 

POLARIZATION MODE 
/LC indicator lamp 

POLARIZATION MODE 
/LIN indicator lamp 

POLARIZATION MODE 
/RC indicator lamp 

5 AMP fuses 

Function 

Indicates when S1 i s  set 
to ROTATl0.N position. 

Lights to  indicate when 
S1 i s  set to POLARIZAT- 
ION position. 

Lights to indicate when 
52 i s  on. 

Lights to indicate when 
53 i s  on. 

Lights to indicate when 
S4 i s  on. 

Lights when S5A i s  acti- 
vated and antenna i s  
cycled to left circular 
polarization. 

Lights to indicate that 
S5B i s  activatedbnd 
antenna i s  cycled to 
linear polarization. 

Lights to indicate that 
S5C i s  activated and 
antenna i s  cycled to 
right circular polarizat,an. 

Overload circuit protector! 
which glow when fuse i s  
opened. 

Figure 
and 

Reference 

!, Figure 8 

4, Figure 8 

19, Figure 8 

17, Figure 8 

15, Figure 8 

11, Figure 8 

8, Figure 8 

6, Figure 8 

12and 13, 
Figure 8 
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TABLE I 
Location and Function of Controls and Indicators (Continued) 

Circuit 
Reference 1 Name 
Designato 

M1 

s1 

s2 

s3 

s4 

S5A 

S5B 

POLARIZATION POSIT- 
ION dial 

TRANSFER switch 

ROTATION POWER 
switch 

~POLARIZATI ON/LC 
switch 

POLARlZATl ON/LI N 
switch 

Figure 

Reference 
Function 

Indicates polarization 
angles from 0' to 360O. 

1 , Figure 8 

Used to select between 
ROTATI ON and POLARIZ- 
ATION. 

I 3, Figure 4-1 

Provider power to  antenna 
polarization rotation cir- 
cuits through ROTATION 
SPEED control T1. 

Provider power to  circuits 
that change polarization 
mode through pushbutton 
switches POLARIZATION/ 
LC/LI N/RC,SSA through 
s5c. 

Provides main ac power 
input to S-band test anten- 
na circuits. 

Provides means to change 
antenna mode to left cir- 
cular polarization. 

Provides means to change 
antenna mode to linear 
polarization. 

18, Figure 4-1 

16, Figure 4-1 

14, Figure 4-1 

10, Figure 4-1 

9, Figure 4-1 
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8 
8 
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8 
a 
I 
1 
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1 
I 

Circuit 
Reference 

s5c 

I T1 

TABLE I 
Location and Function of Controls and Indicators (Continued) 

Name 

'OLARIZATI ON/RC 
#witch 

lOTATl ON SPEED 
:on t ro I 

Funct i on 

Provides means to change 
antenna mode to right cir- 
cular polarization. 

Affords means of control ling 
antenna speed and direction. 

Figure 
and 

Reference 

7, Figure 4-1 

5, Figure 4-1 

4-5 



5 .  

6. 

7 .  

8. 

Note 

0 degrees indication in  step 4 i s  
an indication that the feed unit 
has not been disturbed from the 
RADIATION INCORPORATED 
setting. 

In order to change polarization modes, set TRANSFER 
switch S1 to POLARIZATION, observe POLARIZATION 
indicator lamp (4) DS2 lights, and set POLARIZATION 
power (16) switch S3 to ON. Observe that corresponding 
indicator lamp (17) DS4, above switch Sh, i s  lighted. 

Depress POLARIZATION MODE/LC pushbutton (10) switch 
S5A to change antenna mode to left circular polarization. 
Indicate lamp (11) DS6, above S5A, wi l l  light when antenna 
feed unit has cycled to left circular mode. 

Depress POLARIZATION MODE/RC pushbutton (7) switch 
S5C to change antenna mode to right circular polarization. 
Indicator lamp (6) 058, above S5C, w i l l  light when antenna 
feed unit has cycled to right circular mode. 

Note 

The POLARIZATION POSITION dial M1 
wi l l  normally continue to indicate angular 
positions during any mode. Only the linear 
mode of operation makes use of the POLARI- 
ZATION POSITION dial M1 for accurate 
angular reference. 

In order to return to linear mode, depress POLARIZATION 
MODE/LIN pushbutton (9) switch S5B and observe that in- 
dicator lamp (8) DS7, above S5B, lights. Unlighted condition 
indicates polarization cycle i s  s t i l l  i n  process. Lamp lights 
when the feed unit has stopped cycling and i s  in linear polari- 
zation. In linear mode, POLARIZATION POSITION dial M1 
indicates vertical linear polarization at angles of 0 degrges or 
180 degrees. lndi cations of 90 degrees or 270 degrees denote 
horizontal linear polarization. 
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CAUTION 

Pushbuttons on this unit are designed to function 
one at a time. Should one iam,do not force. Check 
for cause and remedy, as serious damage to equipment 
could result. 

9. To rotate linear polarization make sure that feed i s  i n  linear mode 
(refer td:step 8) and perform the following: 

a. Set TRANSFER switch 51 to ROTATION, observe DS1 lights. 

b. Set ROTATION power (18) switch 52 to ON, observe (19) 
DS3 lights. 

c. Slowly turn ROTATION SPEED control (5) T1 toward INCREASE 
CW, observe LINEAR POSITION dial M1 indicates clockwise 
angular change. 

d. Slowly turn ROTATION SPEED control T1 counter-clockwise 
past OFF toward INCREASE CCW, observe LINEAR POSITION 
dial M1 counter-clockwise angular change. 

Note One 

When ROTATION SPEED control T1 i s  
operated at maximum CW or CCW position, 
antenna speed wi l l  be five rpm approximately. 

Note Two 

The direction of rotation, CW or CCW, 
as indicated on LINEAR POSITION dial 
M1 represents the direction of the linear 
vector rotation (as viewed from behind the 
antenna). 

e. Set ROTATION SPEED control T1 to OFF. 

10. Set AC POWER switch S4 to OFF and observe that a l l  lamps are 
extinguished. This step constitutes equipment turn-off. 
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SECTION V 

MAINTENANCE 

5.1 GENERAL 

The H a n d  Test Antenna System has been engineered to provide 
troublefree service for at least 2000 hours of operational life. Listed below i s  
a procedure that i s  recommended to maintain design operation: 

5.1.1 Mount Maintenance (Figure 9) 

The antenna mount i s  fabricated from aluminum, stainless steel, and 
cadmium plated steel parts and therefore do not depend on paint for protection. 

5.1.1.1 Feed Support (2, Figure 9) 

Inspectl and check the feed support and horn ring subassembly semi- 
annually to insure al l  hardware i s  tight. Direct special attention to the clamping 
collars at the base of each spar as play i n  this area wi l l  cause undesirable flexi- 
b i l i ty  at the feed. 

5.1.1.2 Azimuth and Elevation Handcranks (2 and 4, Figure 6) 

Inspect and check the iam nuts on the handcrank leadscrews semi- 
annually to insure they are snug in place. Excessive backlash on the leadscrews 
due to loose iam nuts wi l l  affect mount stability and degrade the performance of 
the subsystem. 

5.1.1.3 Boresight Telescope (1 , Figure 6) 

The boresight telescope i s  provided with a small container of dessi- 
cant crystals inside the protective tube to prevent the viewing windows in  the tube 
from fogging. Remove end cover from the protective tube and replace with rejuven- 
ated or new dessicant at least once each month, or following extreme humidity or 
moisture conditions. 
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5 .1 .2  Feed Maintenance 

Perform the following: 

5.1.2.1 Slip Rings 

Clean the slip ring assembly as required with Trichloroethylene. 

5.1.2.2 Gear Trains 

Al l  gears in the feed have been lubricated with Lubii-Plate at 
RADIATION INCORPORATED and further lubrication i s  unnecessary. 

If necessary to remove any of the gear packages clean and lubri- 
cate them with Lubri-Plate prior to assembly. Set backlash on gear train within 
the range of 0.005 to 0,010-inch by moving the gear assembly with respect to 
the mounting base. 

5.1.2.3 Detent Mechanisms 

The two detent mechanisms in euch feed are located opposite each 
other at the large end of the waveguide iris section. Each consists of a stainless 
steel housing, a stainless steel spring, a bronze plunger, and a stainless steel ball. 
Al l  of these parts are lubricated with Lubri-PIute. To remove the detent mechanism, 
rotate the iris section until the detent i s  directly on the bottom. Remove detent 
bal l .  Removal of detent i n  any other iris position wi l l  result i n  diff iculty of remov- 
ing the bal l .  

Note 

Before re-installing the detent, make sure 
the air hole in the end of the detent housing 
i s  unobstructed. 
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5.1.2.4 Moisture Protection 

A container of dessicant crystals has been placed inside the feed 
mechanism at assembly. 
However, due to the inaccessibility of the feed, i t  i s  inadvisable to attempt to 
change the dessicant at regular intervals. 

I t  i s  there to keep the inside of the feed as dry as possible. 

CALLTI ON 

The feed housing has been tightly sealed, and 
should not be opened unless necessary. 

If i t  i s  required to remove any of the access covers, dry out or exchange 
the dessicant as a routine measure, To insure a tight fit between the access cover and 
the housing, the gasket should be replaced each time i t  i s  removed and coated with an 
appropriate gasket cement. 

5.1.3 Control Assembly Maintenance 

Perform the following: 

1 .  Replace any indicator 

2. Clean and relubricate 
pushbutton switches wi 
mont hs . 

amps which fai l  i n  use. 

he sliding surfaces of the mode selector 
h a light coat of Lubri-Plate every six 

3.  Check the relay contacts every six month and, i f  necessary, 
burnish * 

4. Check and polish the brush contact surface of the polarization 
rotation auto-transformer with crocus cloth every six months. 
If necessary replace the contact brush. 

5 .1 .4  Troubleshooting (Figure 10) 

a. The following test equipment i s  required to perform maintenance and 
troubleshooting . 
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1 .  Simpson Model 260 VOM meter or equal. 

2. 1 - 2000 ohm, 10 watt resistor with PyIe-National pins attached 
to the leads so that i t  can be connected to J2 (MS iack) on the 
rear of the control panel as a substitute for the feed drive mutor. 

3.  1 - 2000 ohm, 10 watt resistor with Pyle-National pins attached 
to the leads so that i t  can be connected to the J2 (MS iack) on 
the rear of the control panel as a substitute for the feed drive 
brake. 

(b) Check the following before beginning the troubleshooting procedure 
outlined i n  paragraphs 5.1.4.1 through 5.1.4.5. 

1 .  

2. 

3.  

4. 

Make sure the 115 volt power cord i s  disconnected from the 
unit before proceeding to item 2. 

No change. 

Reconnect the power cord to 115 volt, 60 cps, single phase 
power source and make sure the fuses are good before com- 
mencing to troubleshoot. 

No change. 

5.1.4.1 Voltage Test of Control Unit 

Perform the following: 

1 e Rotation 

a. Set switches to OFF position. 

b. Plug 2000 ohm, 10 watt resistor into pins H and J of J2 
(MS iack). 

c, With ROTATION SPEED’control to center position, connect 
voltmeter across resistor, set voltmeter to 250 vdc scale. 
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d. Turn AC POWER and rotation power switches to ON and 
TRANSFER switch to ROTATION. 

e. Turn ROTATION SPEED control either direction from center 
position and uoltage rises to 120 volts approximately with 
polarity of voltage changing according to direction of 
rotation, If no voltage i s  present, check rectifier and 
speed control transformer. If polarity of voltage doesn't 
change, check operation of relay. Relay wi l l  energize as 
speed control i s  moved through OFF position. If relay i s  
not energized, check operation of microswitch and cam 
on speed control transformer, cam operates microswi tch 
just as speed control passes through OFF position. 

5.1.4.2 Polarization Drive Motor and Brake Power 

a. Set switches i n  OFF position. 

b. Plug one 2000 ohm, 10 watt resistor into pins H and J, 
other 2000 ohm, 10 watt resistor into pins K and S, and 
jumper pins T and Q a t  MS jack (J2). 

c. Connect voltmeter set to 250 vdc range, across resistor 
connected between pins H and J of MS jock J2 with the 
negative lead on the connection to pin J of J2. 

d. With TRANSFER switch i n  POLARIZATION position, turn 
AC POWER and POLARIZATION POWER to ON and LC 
(left  circular) switch depressed, voltmeter reads approxi- 
mately 120 volts. If not, check recfifier and switches. 
This checks the power for the polarization drive motor 
when i n  left circular mode. 

e. Repeat steps c and d except use resistor connected between 
pins K and S of J2. This checks the power for the polari- 
zation brake when i n  the LEFT CIRCULAR mode. 
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5.1.4.3 

5.1.4.4 

5.1.4.5 

following: 

5.1.4.5.1 

f. Remove jumper from J2 pinQ;and connect i t  to J2 pin Q. 
Repeat the above steps a through e with the RIGHT CIRCU- 
LAR switch depressed. This checks the power for the polar- 
ization drive motor and brake when in  the RIGHT CIRCULAR 
mode. 

g. Remove jumper from J2 pin 
Repeat steps a through e with LINEAR switch depressed. 
This checks the power for the polarization drive motor and 
brake when in  the LINEAR mode. 

and connect i t  to 92 pin P. 

AC Power for the Indicator Unit 

a. Use voltmeter to measure 115 vac between terminals R1 and 
R2 at both synchro motors. 

AC Power for the Synchro Transmitters i n  the Feed Unit 

a. Use voltmeter to measure 115 vac between pins D and E 
at J2. 

Voltage Test of Feed Unit - Control System 

Control unit i s  assumed to be normal and i s  operating) perform the 

Voltage Check of Synchro Generators 

a. Connect al l  inter-connecting control cables. 

b. At Control Unit turn AC POWER to ON. 

c. With VOM meter connected between R1 and R2 of either 
synchro generator the voltage reads 115 vac. I f  voltage 
i s  not present, check ac power source and cables. 
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d .  With VOM meter connected between any pair of S leads 
on either synchro generator, voltage reads between 0 and 
90 vac according to the angular position of synchro gen- 
erator rotor. When rotating portion of feed i s  rotated, 
voltage varies from 0 to 90 vac. If voltage i s  not present, 
check synchro generators for defective S windings. 

5.1.4.5.2 Motor Check 

a. Connect a l l  inter-connecting control cables. 

b. At Control Unit turn AC POWER to ON. 

c. Apply power to motor. 

d .  Connect VOM meter across motor and measure dc voltage. 
Voltage varies between 0 and 120 v and polarity of voltage 
changes according to setting of motor SPEED CONTROL. 

e. If voltage i s  not present at motor, check inter-connecting 
cables. If voltage i s  present and motor does not turn, check 
motor for defects; repair and/or replace motor i f  defective. 

5.1.4.5.3 Brake and Microswitch Check. 

a. Make sure al l  inter-connecting cables are connected. 

b. Jumper slip ring brushes 2 and 7. 

c.  Depress LEFT CIRCULAR switch on Control Unit. 

d .  Apply POLARIZATION POWER to unit. 

e. The brake i s  continuously energized and motor i s  continu- 
ously driving polarization changing mechanism e 

f.. If brake does not hold, check brake terminals for a dc 
voltage of 120 volts approximately. If voltage is not 
present , check inter-connect ing cables. 
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5.1.4.5.4 Polarization Positioning Switches 

a. Disconnect control cable. 

b. With left circular l imit switch off, cam VOM meter reads 
continuity between slip rings 2 and 7. With left circular 
l imit switch on, cam VOM meter reads continuity between 
slip rings 2 and 8. If abnormal, check switch for damage 
and replace as required. If switch i s  normal, check phy- 
si cal position and re-adjust as necessary. 

c. Check linear switch i n  same manner as for left circular 
l imit switch, except check continuity between slip rings 2 to 
5 and 2 to 6 Remedy i s  same as 4-b above. 

d. Check right circular l imit switch i n  same manner as for left 
circular l imit switch, except check continuity between slip 
rings 2 to 3 and 2 to 4 .  Remedy i s  same as 4-b above. 
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SECTION VI 

SYSTEM PERFORMANCE TESTS 

6,1 GENERAL 

Section VI  contains the necessary instructions to test the performance 
of the S-Band Test Antenna System. Basically, the procedures describe the method 
of testing VSWR, ellipticity, gain, gain variation and pattern characteristics, 

Figures 11 and 12 illustrate the test setup for the antenna test ranges. 

Paragraphs 6.2 through 6.6 describe the specific performance test 
procedures. 

6 - 2  VSWR MEASUREMENTS 

6.2.1 Object 

To determine the VSWR of the complete feed assembly, mounted in 
the parabolic reflector at 2103, 21 13, 2123, 2285, 2295 and 2305 mc. 

6.2.2 Test Equipment 

1 .  RF Signal Source, Maxson 1241 Power Oscillator, or equivalent. 

2, HP 805A Coaxial Slotted Line, or equivalent, 

3. Detector Probe with Bolometer. 

4,  SWR Meter, HP 4158, or equivalent, 

5, Precision Taper Reducer, 7/8 inch to type "N" coax. 
(ALFORD Type 1 1  23 - VSWR (1.02) 

6. Frequency Meter, Narda 806, or equivalent. 
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6.2.3 Procedure 

Perform the following: 

1. 

2. 

3. 

4. 

5 .  

6 ,  

7. 

8. 

9. 

Connect signal source to one end of slotted line. 

Connect taper reducer to 7/8 inch coax feed input and connect 
slotted line to the taper reducer. (Be sure antenna i s  pointed 
to free space.) 

Connect detector probe output of slotted line to the VSWR 
Meter. 

Set frequency for 2103 mc with 50 - 100%,1000 cps,modulation. 
If source output impedance i s  not 50 ohms, a pad should be plqced 
between source and slotted line. 

Set antenna for linear polarization. 

Decouple the detector probe by at least 30 db from the input 
power to slotted line. 

Tune the detector mount for a maximum power reading on the 
VSWR meter by means of the tuning adjustment and by sliding 
the carriage. 

Set VSWR meter to one (1) on the VSWR scale. 

Slide the carriage to obtain a minimum power reading on the 
SWR meter and record the VSWR indicated. 

10. Repeat steps 1 
2305 mc. 

11. Repeat steps 1 
polarization 

hrough 9 for 21 13, 2123, 2285, 2295, and 

hrough 10 for Right Circular and Left Circular 
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6.3 ELLIPTICITY MEASUREMENTS 

6.3.1 Object 

To determine the ell ipticity of the two 8-foot reflectors fed with the 
S-Band feeds i n  right circular, left circular, and linear polarizations at 21 13 and 
2295 mc. 

6.3.2 Test Equipment 

1 .  R-F Signal Source, Maxson 1241 Power Oscillator, or equivalent. 

2. Bolometer Detector. 

3. VSWR Meter, H-P 4158, or equivalent. 

4. Pattern Recorder, $.A.  121 or equivalent, with linear response. 

6.3.3 Procedure 

Perform the following on Antenna 1 - Transmitter: 

Part A: Linear Polarization Measurement 
- 

1 .  Connect the R-F signal source to the output connector of the 
transmitting (test) antenna. Allow 30 minutes to warm up a l l  
instruments. 

2. Connect the bolometer detector to the output connector of the 
receiving antenna. 
put connector. ) 

(Be sure the detector i s  matched to the out- 

3.  Set the frequency to 21 13 mc with 50 - 100%,1000 cps,modulation. 

4. Set both the test (transmitting) antenna and the receiving anten- 
na for vertical linear polarization as indicated on the polarizat- 
ion control panels. 
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5. 

Sa. 

6. 

7. 

8. 

9. 

10. 

1 1 .  

Monitor the signal from the receiving antenna with the VSWR 
meter. 

Monitor the power into the transmitting antenna on the S. A. 
Pattern Recorder. Be sure that total power change does not 
exceed N.05 db during any el l ipt ici ty measurement. 

Check the linearity of the detector by setting the VSWR meter 
to zero (0) db and inserting a 3 db pad into the line. Record 
the new reading from the VSWR meter. 

Check the scale factor of the meter by setting a reference on 
the meter and inserting a 20 db pad into the line. Increase 
the meter sensitivity by 20 db and record the amount of atten- 
uation indicated by the meter. 

Make sure that the antennas are properly boresighted (paragraph 
3.1.1). 

Set the VSWR meter to zero and rotate the receiver polarization 
unti l  a null i s  obtained. 
polarization ellipse. Record the axial ratio from the VSWR 
meter. 

This represents the minor axis of the 

t 

Note the angular change from the in i t ia l  polarization as indi- 
cated on the polarization control. Subtract this angle from 
90° and record this as the polarization deviation. 

Repeat steps 1 through 10 for 2295 mc. 

Part B: Right Circular Polarization 

1. Repeat steps 1 through 3, P a r t  P A. 

2. Set the transmitting antenna for right circular Polarization. 

3.  Set the receiving antenna for vertical linear polarization. 

4. Monitor the signal output of the receiving antenna while rotating 
the receiver feed. 
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5. Record the position of the receiver feedfor maximum reading 
on the VSWR meter. 

6 .  Set the VSWR meter to zero (0) db. 

7. Starting w i th  the position of maximum reading as a reference, 
rotate the receiver feed in  steps of 45O and record the level 
i n  db for each step to 360'. 

8. The two largest values should agree within 0.2 db. (If they 
do qot, the antenna may not be properly boresighted). Record 
this value as the el l ipt ici ty - "ell. 

9 .  Repeat steps 1 through 8 i f  necessary to insure accuracy. 

10. Repeat steps 1 through 9 for 2295 mc. 

Part C: Left Circular Polarization 

Set the test (transmitting) antenna for left circular polarization and 
repeat steps 1 through 10, P a r t  - B. 

This completes the ell ipticity measurements on Antenna 1. 

For measurements on Antenna 2 the same range set-up (as for measure- 
ments on Antenna 1) w i l l  be used. The above test procedures, with the following 
changes, wi I I apply: 

1, A l l  references to the "test antenna" w i l l  be understood to mean 
"receiving antenna." 

2.  AI I underlined references to  "receiving antenna" or "receiver 
feed" are to  be changed to "transmitting antennal' or "trans- 
mitter feed" and vise versa. 
- 
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6.4 GAIN MEASUREMENT 

6.4.1 Object 

To determine the on axis gain of the two 8-foot diameter parabolic 
reflectors fed with the S-Band feeds at 21 13 and 2295 mc i n  linear and circular 
polarizations, 

6.4.2 Test Equipment 

1 .  R-F Signal Source, Maxson 1241 Power Oscillator, or equivalent. 

2. Two Weinschel Coaxial Attenuators: 

1 - 20 db calibrated to a . 0 6  db 

1 - 3 db calibrated to f 0.05 db 

3. Power Meter, Rhode 8, Schwartz, Type NRD, or equivalent. 

4. Precision taper reducer, 7/8 inch to type 'IN" Coax 
(Alford Type i 123 - VSWR 5 1.02) 

5. 20 db load isolator, UNILINE, C N  12-5, or equivalent. 

6. Coaxial Directional Coupler, Sage 783-20, or equivalent. 

7. Bolometer Detector. 

8. Pattern Recorder, S-A 121, or equivalent, with linear pen 
response. 

6.4.3 Procedure 

Perform the following: 

Part A: Measurement of G,/G? (Figure 11) 
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1 .  Mount the two test antennas back-to-back on the turntable. 
certain that the antennas are symmetric with respect to the axis of 
rotation.) 

(Make 

2. Connect the R-F signal source through the load isolator and direct- 
ional coupler to the collimation tower antenna. 

3.  Connect the bolometer detector and the S-A Pattern Recorder to 
the coupled output of the directional coupler. (Monitor the power 
at this point i n  the system throughout the measurements.) 

4. Connect the taper reducer to the 7/8 inch coax output of Antenna 1. 

5. Set both antennas for vertical linear polarization. 

6 .  Make certain that the test antenna and the collimation tower 
antenna are boresighted. 

7. Set the R-F signal source for 21 13 mc with 50 - 100% 1000 cps 
modulation. 

8. Calibrate the power meter according to instructions provided with 
the meter. 

9 .  Set the power meter on a convenient scale and check the linearity 
by connecting the meter directly to the output of antenna 1 and 
then inserting the 3 db calibrated attenuator between antenna out- 
put and meter. Record the 2 power levels read. 

10. Connect the power meter to output of antenna 1 and read the power 
received, (Make sure the power detector head i s  well matched to 
50 ohms. Use tuning stub i f  necessary to  obtain a VSWR < 1.02.) 
Record the power received in  m.w. on the data sheet as PR1. 

1 1 .  Rotate the turntable 180° such that antenna 2 faces the collimat- 
ion tower, Again be sure that the test antenna and the collimation 
tower antenna are boresighted. 

12. Disconnect the taper reducer and power meter from Antenna 1 and 
connect them to the output of Antenna 2. (Ref, 3, Figure 11) 
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13. 

14. 

15. 

16. 

R2'  
Record the power reading i n  m.w. as P 

Compute G1/G2 = PRl/P~2 = A 

Repeat steps 1 through 14 for 2295 mc. 

Set both test antennas for Right Circular Polarization, align the 
major axes of the polarization ellipses for maximum power and 
repeat steps 6 through 15. 

Part B: Measurement of (GI) (G,) (Figure 12) 

1.  

2. 

3. 

4. 

5. 

6. 

7. 

0. 

9. 

10. 

Mount Antenna 1 on the turntable and Antenna 2 on the collimation 
tower. 

Connect the R-F signal source through the load isolator and direct- 
ional coupler to the transmitting antenna feed line. (Antenna 2) 

Repeat Step 3, Part - A. 

Set the signal source to 21 13 rnc with 50-100% 1000 cps modulation. 

Set both antennas for vertical linear polarization. 

Calibrate the power meter as i n  Step 8, Part . .  7 A. 

Connect the taper reducer to the output end of the transmitting 
antenna feed line. 

Connect the 20 db precision attenuator to the power meter detector 
and check the VSWR of this combination. (If necessary use a tun- 
ing stub to obtain a VSWR 21.02.) 

Set the power meter on a convenient scale and check the linearity 
by first connecting the meter, through the 20 db attenuator, to the 
open end of the taper reducer and then inserting the 3 db atten- 
uator between the 20 db pad and the taper reducer. Record the two 
power levels read. 

Remove the 3 db pad and again connect the power meter to the 
taper reducer. Record the power read as PT 1 '  
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1 1 .  Disconnect the taper reducer from the antenna feed line and 
connect the line to the input of Antenna 2. 

12. Disconnect the 20 db pad from the power meter detector. Check 
the VSWR of the detector alone. (Again use a stub i f  necessary 
to achieve a detector VSWR s 1.02). 

13. Recalibrate the power meter as i n  Step 8, Part A. - 
14. Connect the power meter through the taper reducer to the output 

of Antenna 1 and record the power read as PR. 

15, ComputedG1) (G2) 1 , where = m, 9 g = e) L, and 
L = p f ) ?  x 

16. Repeat steps 1 through 14 for 2295 mc. 

17. Set both antennas for Right Circular polarization and align the 
major axe's of the polarization ellipses. (Take the position of 
the major axis from the el l ipt ici ty measurements of Test Proced- 
ure 1 1 . )  

18. Repeat steps 6 through 15 for 21 13 mc and 2295 mc. 

19. Compute the two antenna gains from the two equations: 

(Part A ) 
I 

a. 

b. (GI) (G2) (Part - B) 

20. Repeat both Part A and Part B i f  necessary to insure accuracy. - - 

6.5 MEASUREMENT OF GAIN VARIATION 

6.5.1 Object 

To determine the variation of on-axis gain with polarization rotation 
of the 8-foot diameter relector feed with the S-Band feed at 21 13 and 2295 mc. 
Measurements are to  be made for linear polarization. 
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6.5.2 Test Equipment 

1 .  R-F Signal Source, Maxson 1241 Power Oscillator, or equivalent. 

2. Bolometer Detector. 

3. 

4, 

VSWR Meter, H-P 4158, or equivalent. 

7/8 inch to type N Coax Taper Reducers. 

5 .  Pattern Recorder, S.A. 121 or equivalent, with linear response. 

6.5.3 Procedure 

Perform the following: 

1 .  Mount Antenna 1 on the turntable and Antenna 2 on the coll i- 
mation tower. 

2. Connect the R-F signal source to Antenna 2 and connect the 
bolometer detector to the output of the Antenna 1. 

3. Connect the VSWR meter to the bolometer detector and allow 
one-half hour for a l l  instruments to  warm up and stabilize. 

4. Set both antennas for vertical linear polarization. 

5. Set the R-F signal source for 2113 mc with 50 - 100%,1000 cps, 
modu I at ion. 

5a. Monitor the power into the transmitting antenna with the S.A. 
Pattern Recorder throughout the Gain Variation Measurement. 
Make sure that the power does not change during any set of 
measurements. 

6. Boresight the two antennas very carefully. 

7. Set a reference power level on the VSWR meter. 
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8. Beginning with the vertical orientation rotate the antenna feeds 
(matched polarized) i n  30° steps to 360° and record the power 
level from the VSWR meter for each step. 

9. Rotate the transmitting antenna feed 1800 as indicated on the 
polarization control panel and repeat steps 7 and 8. 

10. Repeat steps 1 through 9 for 2295 mc. 

6.6 PATTERN MEASUREMENTS 

6.6.1 Object 

To determine the secondary pattern characteristics of the two 8-foot 
reflectors and the $-Band feeds for right circular, left circular, and linear polar- 
ization at 21 13 and 2295 mc. 

6.6.2 Test Equ i pm en t 

1 .  R-F Signal Sourc, Maxson 1241 Power OsciIIqtor, or equivalent. 

2. 2 Bolometer Detectors. 

3. 2 Pattern Recorders, S-A 121, or equivalent. 

1 - with Logarithmic response 

1 - with Linear response 

4. Coaxial Directional Coupler, Sage 783-20, or equivalent. 

5. Precision Weinschel attenuators. 

6. Load Isolator, UNILINE, C N  12-5, or equivalent. 
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6.6 .3  Procedure 

Perform the following: 

1. 

2. 

3.  

4. 

5. 

6 .  

7. 

8 .  

9 .  

10. 

1 1 .  

12. 

Mount the test antenna on the turntable. 

Connect the R-F Signal Source through the load isolator and 
directional coupler to the collimation tower antenna. 

Connect a bolometer detector to the coupled output of the coax 
directional coupler. Monitor the power at this point with the 
linear response S/A Recorder. 

Connect a bolometer detector to the output of the test antenna 
and connect to the logarithmic recorder, Allow a l l  instruments 
one-half hour to warm up. 

Set the R-F signal source bo 21 13 mc with 50 - lOO%,lOOO cps, 
modu lat i on. 

Set both antennas for vertical linear polarization. 

Adjust the elevation axis to  boresight and rotate the test antenna 
in  azimuth f 180O. (Superimpose the cross polarized pattern.) 

Calibrate a l l  patterns by inserting Weinschel attenuators into 
the transmission l ine between the test antenna output and the 
bolometer detector. Calibrate at vglues of 3, 10, and 20 db. 

Set both antennas for horizontal linear polarization and repeat 
step 7. 

Rotate the collimation tower feed to 4 5 O  CW from vertical. 
Rotate the test antenna feed unti l the two antennas are match- 
polarized and repeat step 7. 

Sef the collimation tower feed to 45O CCW and rotate the test 
antenna feed for matched polarization. Repeat step 7. 

Rotate the entire test antenna such that the spars are.verticaI 
and horizontal. 
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13. Set both transmitting and test antennas for vertical linear polari- 
zation and repeat step 7. 

14. .With the test antenna s t i l l  oriented such that spars are vertical 
and horizontal, set both transmitting and test antennas for 
horizontal linear polarization and repeat step 7. 

15. Set both antennas for right circular polarization. 

16. Align the major axes of the polarization ellipses and repeat step 
7. 

18. Set both antennas for left circular polariration and repeat step 16. 
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SECTION VI1 

PARTS LIST 

7.1 GENERAL 

Parts l i s t s  contained in  this section l i s t  a l l  replaceable electrical, 
electronic, and mechanical items that comprise the S-Band Test Antenna System. 
The data given i s  intended to identify parts and offer sufficient information to 
procure replacements as are required for maintenance of the system. 

7.2 USE OF PARTS LIST 

The system i s  divided into four major sections which are: 

a. S-Band Test Antenna Assembly 

b. Parabolic Reflector 

C. Feed Unit 

d. Control Panel 

Identification of each item i s  obtained as follows: 

1. The RADIATION PART NO. column applies a RADIATION 
INC. number to every item. 

2. The QTY USED column i s  self explanatory. 

3. The DESCRIPTION column names the item in  brief form. 

4. The MANUFACTURER column l i s t s  the source for each item. 

5 ,  The MANUFACTURER'S PART NO. column offers only the 
source manufacturer's part numbers. In the event of a 
RADIATION INC item, refer to the RADIATION PART NO. 
column, such replacement parts are readi I l y  available from 
RADIATION INC. 
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7.3 

6. The. USED ON ASSEMBLY column lists the drawing number 
where the item i s  used. 

7. The RECOMMENDED SPARES (2000 HR.) column i s  RADIATION 
INC suggested spares l i s t  to  afford 2000 hours of operation with 
a minimum of spare parts on hand. 

PARTS LIST REFERENCE 

Table II lists the parts contained i n  the S-Band Test Antenna Assembly. 

Table 1 1 1  l i s t s  the parts contained in  the parabolic reflector. 

Table IV l is ts  the parts contained in the feed unit, 

Table V lists the parts contained i n  the control panel. 
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